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(54) COMMUNICATION CONTROLLER 

(57)Abstract: 

PROBLEM TO BE SOLVED: To reduce the burdens on 
software, to freely set the hardware and software 
processing sharing ratio corresponding to a system, and 
to realize a high throughput by providing a control circuit 
for holding in-discriptor information, data transfer word 
number and transfer word number to a buffer 
corresponding to respective DMA controller channels in 
the case that the DMA transfer request of high priority 
is generated. 

SOLUTION: This controller is provided with a means 50 
for making a first DMA controller channel immediately 
abandon a bus right to the bus right request of a second 
DMA controller channel whose priority is higher than the 
first DMA controller channel while the first DMA 
controller channel is operated as a bus master and the 
means 65-68 for storing and holding the operation state 
of the first DMA controller channel immediately before. 
Then, when the bus right is returned to the first DMA 
controller channel, DMA transfer is continuously 
restarted from the operation state. 
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(54) »43^i9^l3 

(57) mmi 

dma:3> bD-7*rtjijt-5aMS'jffli^ias«i«-r« 

MS i: * U ^®Mt-7^--^ L/T D M A^^-iJ' 

teSISfT5#^>^;KZ)DMA3>hD— S^l© 

oiisv^^ 2 CD D M A 3 > h D — 7 ^-v :?i;i/©n;^*S®* 
it. ^1©DMA3> bD-7^^J?.;HC-'^;^fiii)*^» 

ufe^^ iM^ttS8A>e,DMA«gaisi»KbTsra-r4. 




65 ^ «7 60 



1 



( 

1 

h^^UT^S'-fe;^ (DMA) y^-i^mm^n^^'^'^^ 
;kz)DMA3> ho— 

m 1 (0DMA3> bP— 7^-y^;i/5bs>'^;x-7;^^ t bT 
iS-f^i^J^x HuI3^i®DMA3>hn— 5^-t';T.;i/it) 

*)ffi^JlM^40ii5V^|| 2 CD D M A 3 > h P — 7 ^•V 
y^>^^^*K:5t*bT> BuSa^l<Z)DMA3>bP— 7^ 

m^iMmmmfowmm i ©dmap> hP— 

Sil^lg 1 ©DMA:3> bP— 

bfcl^, gII3iW^ttSiA»&DMA«Sl5fe8H^bTWM-r 
S«ISi:^->t ^ ij ^BM-eT^-^-'i:^ *^bTD M A5* 

— ^j'tefsi&ff d D M A3 > h P— 7 &«iiLfca<i^j»^ 

IBDMAn > hP-70:MI37*>f ;^^"J 7'^'<Z)Sg5«*aib 
&Wf«#iia*j|Tbfcc:i:feg^1-x 7*-f:^i^y:r^rt 

-''^y^'TX ^ XttJj^;^ V 7"p -b f 1^A^Hui3SISM7^— ^ © 

S{sgli:»;^ * y ^BM"t-7=— bTD M At* 
— ^*KSI*ffdDMAa>KP— ^SfiB^tx DMAfejai 

5 ] SIMS, sMss, * y ^sstj® 

SMSJ:^^ * U ^BK'Ct*— i'^'^;^ bT D M At" 

— 1J'te3^l*fT^DMA=l>^p-^§^l^^ luiaDMA 
p > b p-74s-ii>'ty^fii&iJc«bfc«s svBuiaDM 
AP > b p— 53!)5A>^«i'feS*-r5 s^eo-y-'f 

[it*JS6] SMS, SMS. ;<^vmsRvmmm/ 

SMS fc^^ * y SBra-^T^-^^^^ bt D M At' 

— J'te3ai4ff-5DMAP>bP-v^iii;?.s BuiaDMA 

p > h p-^£DiMp^4'»r-rs^a5ji^«^^ A:*3-r s 
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m^B. 

[it*«7] jsesg, SMS, y^y«B2fcu^siM/ 

§{SSi:K^ ^ y mmPSX'T'—^J'iT. ^-ft- bt DM At* 
— ^fEizl^ff 0#^-^^;i'©D MAP > b P— ^5fe{g 

it^ -'^;^^s^m^#bTv^sl3iaDMAP>^P-7^^r 

[0 00 1] 

^jtMSlcitJi'yT^l'T'-^'t^^U gEi^^nsui 

[00 0 2] 

{c*5VNT. fiev^p^, jiaatg* u^w-t-^ h) , mw^ 

20 ttcDA5r-Tiafci!E'<SJ:-5*:^-&A«feofe. 

[0003] (1) J:5S5feJISteCD^^V^DMAP>^P 

— T^^^;i'CD-'^:^ttS^t^bTv 7*'f;^^y7'^c 
M-r S ^ ^ y ^F^±CD>'^ 7 r lc:*r-r St'— i'te2S«8H 
K©*iD M A P > h P — 5 Hl©^^ *;i/«J tSlitiW ^ 

. AP> hP-^F^®5^+^;i/t3]?3g|^(i^irtgTN Kt* 

ofc. -tOfcK), «5feJIRffi©JiSV^DMAP>hP-5^ 

■\'^;i'As>'t;^«i^S*bfcS-&T-4)> f <f{c^^*;i^ 
30 UtSiAASfftJtvr^fe^n, g[DMAP>hP-5i:b 
■C©iiaStg:^J*ffiT$*Tb*VN, S/:^T^A©7V-A 

[0 0 0 4] (2) DMAS*lii3IMS, SMSA»e>«: 
5s^yT;i/a5ottffiK:a:oT©»fl4-rsfe«>> -«D 

MAp>bP-^As>'^;^«i&iS*&x t-^t)-fe-''5:5^v:^^ 

nj&:v>ci tifi^ < s^;^T^A-'i;^©tS«^As^^mK:ii5i»-3 
40 [0 0 0 5] flb®7'5XVX^. ^PT'P-b^y 

■y- (MPU) *sMe>A^©50!SSfi'^«-&> i-r.'^xv:;^ 
iJ'i: bTSif^bTV>5DMAP> hP— 

[0 0 0 6] ^gl14^:t-rSDMAP>hP-^©IM^ 

tt'»r5*^::MbT^ MPUi*^ dhap> hP— ^C-'^;^ 

7^ y - y i^M^&ii-r*: if i^x^'iT^m^mm^-^tz 

«^ aig:rtjKus^;^iJ'K:#«^jeppv>K*7'f 

50 •r?>nmifi:!f-j^^^y\'t^*)^^^mir^n(^mmt 



( 3 ) 

3 

[000 7] (3) J^y(,-^7.i'thXmi¥\^X\,^^DM 

Wiy'^ T.'?^) r^j'CDji^f s^sffi^c^^fev^^fe'^? 

^ y ^M±®''^ 2? 7 T' 'fe^ 'f > l'*^*' 15 M AteSI* 

ofe. ^CDfcfes MPUa:mtDMAn> ha— 9©i6 

fco C^xli, MPUCDi!iai6:^&ffiT$-&S— ISEgi:*: 

[0 0 0 8] (4) «£3fe^ #^^^;KDDMA3>hP 

—5 H*3V>t. a(t$lJfflI^MXtta(ISiJ(BI« L S I 20 

af§bTV'>S*»Si3Kt-ai*«IS?**«:<> MPU*s, a« 

v-v-f n® D M A3 > h D— ^ Asi&f^ bt v> s©*»sies 

*SI»bTV^SA»^iGS•eS&V^fc«)^::. filV^P*A«M 

<, y7 b'>*7'lllBxa©Ji;A;fet)fce»b'rv^fc. 

[0 009] 

[»W3Ei««l»ibJ:-5J:-rsgRS] *«ra©BW^i^ ±13 30 

$£3feScliff©Bg®^SP«ib> ^^-v^^;bDM Ar»>hP 

V7 ^'>J^yj^oa^ait^&aa^c:«:^'ggav^>^;l^-- 
[0 0 10] 

[i!iis*«¥«tt-sfc«>®*®l ±tBiWfe^-rsfc 

»x *%WC•I±^ ffe©DMAn>bo— 7^^:^.;Hc:J; 

t)ffi$fe^i^^©lSv^DMAe3^l®JKAs^^bfc@^^ 4o 
MA3>bD— 7^^*;nc?tfBbT7^'f:^^ y r^rt 

««, 5*-^«ESiea y7'^'©T^-b:^iiBW 

KKDMAi?3^*s%Sb;t©^) ^ :Rt5>'^':'7T'v©fe 
iSSa (M'V^TifeSISBratKDMAS^AJ^^bfcS 

[0 0 11] *fcx DMAT^-^fSSI-y-'f i'-'WSSttSt 

4iS»^bfcmBif>'^;^ms5«-rs*T-©-9-'f 

^'i:bTaW^bTV%SDMA3>hP— 5©1M^*^0 50 
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D KDM A3 > b P— 5®iM^^fe5jx— ;i/ KttffiCTf $ S 

[0 0 12]M^:^ DMA3> bP— 7*^— S7"i'-fe;< 
bfcT^-f ^^i' y r^'{c:^ttbTs .flb®-'t>^v:^^', ^d^a 
MP U As^^ 7 r ®«L3l*«lT-f -SHutllVPI— <Z)7*-f 
.yli' y 7'^'&DMA=I> hP — 7*S5'^-b;^^:Cb*-5 

\i-m.=rA7.^ y 7'^'©Ti'-fe;xstTofcci 

M-v b©-fe b ^DMAD > b P— ^ ASff V-*, y -fe h 5& 
flbOM;:^-7>;^', 0a^«MPU*sffaiaK:^S. -fey 

Ti^-fey^fc J: !) DMA3 > h P— 5*s^^!<^Ji^;ei©'&> 

DMA3>hP-7<is -««sra43l^TflV7=-^;^^y 
7'i'©7i'-b;^Sffd. -^M^ofc«)t7y— 
*^'>^'feffifflU ^y— ^>*'>>^®fii)b«alll k: 
jfe-^fc^, BVT^-f j^ij? yr^o^e^i^ai^/iSff-SidK 

bfc^-'t vy 7 T icitj-r St^— *'te2iSM5&-r S i -5 fct" 
s d t-cf^-f >^ y Av-*^ 7 r ©Si^lSi* *B&± 

[0 0 13] MK, V^-rtV©DMA3> hP— 

x'y^^j' i: bTKf^b-rv%2.*»Sflb©^^:^T;^ 
«aii?.«MPUAsjBSTf&SJ:5K:/^;5^«iSa»bT 

V^ 5 D M A 3 > h P — ^ 5^ -\' ;^;i'©T>* V *Hl*1-i> 

>^m*SS?k:J^t)x MPUtt'>>^7^AA^iX (V7b<7x 
7") *^$rt:3aaE-'^X'7:^4'i:bt:lM^btv>%DM 
A3 > b p— ^*sv^•r^^®^-^'^;^•t•fe5*»*i§S^::lC 

X, MPUB:DMA3>hP— ^©^^'-V^^l'ttJS 

[0 0 14] 

[|&qS©llffi®B^] IS 1 (i^^QS©^ 1 ©l^i^^^ 

■r. 

[0 0 15] itt, aM«iJ»^e-cfe!), «a®gi5S-c 

^figbT*.J:V^b. l^@feSV^li19S(©LSIi:bt:fil 

6,.9tt, SfemSt-fet), 7, 8ttSmS> 
10, 1 3tt26MFIFO (JfeAifetaMf 7t) , 1 

1,12 tts^ F I F o T- fe^ . c n €> tt^ y 7';i/:/"P 

-J'^'SeiJEig-rSo 1 8~2 ia:DMA3>hP— 

5 Ottn:;^ii(?iHlis. 4 2a:rtSi57'-^>'^;<> 3 
9 tt^SS^ ^ y X 4 0 li^gp-'^;^, 4 1 ttK^SP-'t;^ 4 
0i:KrtSS5*— J'm:^4 2i:SSiei^Sfc»©>'^;^'f > 
^73i-;^t?.feSo ±f3-'^;^S(^I5]|^5 Ott, DMAff 
Bi^Ox-f >C i7 ij 7*^ y 7 r 7^-^©tei3lttJ® 

*l3tt, fii«ft-57*-<y^i'y7'^/-'^y7r«S»ttfiS« 
J^IhISS 6 5 ~ 6 8 , D-M^AIES-y-'f ;HWMSiJ»llSS 5 



( 4 

5 

m^5 1, ^^DMAmmv-^ i^ji' uv-:^) mmmm 
I1I&5 2cDrt^»«J5E^:ov^TH:la3{c::fev^t:^^e1-s. 
[0 0 16] *iisE«?!iT-{i> mm^, ^mm^2mi'^ 

V*. i^es, seSIH:. *l?^IS0!I■r•a:^ t'^ M^KBrn 

— y-^f h, AUW— , ATM, ISDN, *0 

[0017] «K:|M^CoV^TiJilBt-S. I F O 

10 (13) i^i^mti^ti^. f^^vn/mmT'—^ 1 4 

(17) tt, ffiiJWM^e 1 (6 4) tCtieVN3IM§§6 
( 9 ) C J; D >> U t;!/ t jIMt^-^' 2(5) 

i:bT«^$n5. §^7*-^'3 (4) tt, §<gS7 
(8) lc:<fct)>'rviy;i/5^-^ 1 5 (16) K^jfe^n, 20 

§®FIFO$iJfflie^6 2 (6 3) {Cj;t)SMFIFO 

11 (12) {C*&||«i$nSo 

[0 0 18] /^:xi3f?lH|gS5 Otta^DMAravbD- 

^^^;|.;i/l 8~2 lCDV%-m*»fc5=-^^;i/SJRM^3 
4~3 7{c:J:!3-'^;^ttS#iLS*,©-e^^o DMA3> 
hD-5^-V*;H 8-'2 U±. iSMF IFO 1 0, 1 
3SlfSmFIF0 1 1, 1 2ilf>e,©tt«la^^5 7, 5 
8SV5 9, 60 3SI®F I F 0 1 0 , 1 3StF 

SMFIFOll, 1 2i:t^g57'-^y^>^4 2i:©ra-e 
7*— ^'teSISfrVV yl4 1S©J 30 

JUbT, M-gP;>{^ U 3 9 i:i1>gpM^4 0^:/^bTv'— ^ 
tej^^fr^o 55:43> ^^a5-'^;^4 0{ztt^gP;)t^ >; 3 9© 
^•^-i i/XJyu^^j^ (MPU) , v>^^'at.:=.>y h (la 

[ 0 0 1 9 ] jSl^tt, DMA3>hD-^^-V.^;H 8 
^2 lASftSPT^— ^>'^:^4 2, ;1J^3 0 (3 3) ^-ft- 

U tei3l$i|iW{i^5 3 (5 6) t J: Dt^-^M^^ 2 6 
(2 9)fe^bT3SiaFIFO10 (13) CT^-i'SD 
MAtei^1-S^ttJ;?)fft>tv5. DMAn> 

hD— 5^+;fi;H 9 (2 0) A^T*— ^'>'t>^2 7(2 8) 40 
teSI*WM^5 4 (5 5) tcJ;t)SMFIFO 

1 1 (1 2) ®7*-^*S6»mU -'^>^3 1 (3 2) * 
^ bT rtgpT^— ^n;^ 4 2 'vgET*— ^' $ai:t>-r-5 c t 

[0 0 2 0] /t;^8i*?®8&5 0H:^1.a5©/^^v^^fc^ 
U -'^:^®*©^=fe«ff U ^1>»©-'t;^v>^i'«tD^iy^ 

3 4~3 7©V^^n5!)»&74^7=-^ :ri/'^;HciS:^ (7-t^ 
-h) U g!eg5fe©DMA:3>hP-5^+:^i;i/K:M>^ 
4ti$#it.'&. SO 
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[0 0 2 1] c;©tgDMAa>hD— 7©#^-V'*;p 
fc:*f^Sbfc5=-V^;i/TKl/Xtll^;^^ 4 4~4 7©Hii; 
©V^•r^^A»&T■y■— So KDMAa>bD— 7©& 

^^^;Hc^:tjESbfe^+;^;i/7'K^;^ai^>^^4 4~4 
7©ai:<jtJ:»)^1-SB©flb©n^v;;^^tt^ affiif©DM 

A3 > bn— ^^-^;^;;l/ASf||;f^bTV^5©35p$MXS^ 

■r5c:i:«:< (y7 h ^7*7*:^$^^) ffiS^SCt 
[0022]7*^;;^^>';r^ rt©{f «*Ka5ii3atJfe»C 

c::*-e©i^*iS4£^3!iia^3ei)>cDfiS««J#. »V7*-f 
j:^^^ U rtJ' tJS^S ^ ^ U ^ra±®>'t 7 T (cji* b ifd 
*-?7*-^!iEj§ISffofe©4^©«ii«i#*ff3s T^-fyC 
U r^/n 5/ 7 T!fe^l«»|«^I5]E& 6 5 ~ 6 8 

K.'^;^ta*sMoT§T*), JfeK:7*-f;^i5^U7'^f^©if© 
fS^^&^^«^ii«){^iv^©A», S&sv>0:7^^:^^^ Ur^'t 
5;««^i;^M±®^t»;;7r©if;ifc:*ru ^fctti: 
c:ip&5*-^tejSl^fi^lf J:v>©A»5fegi«-tfSe. i© 

JJliti, /^;^fif#|H]S&5 ot<tt)fTt»ix;>t^usgra±© 

^ ^ y ^ra±©>'^ 7 r K^ff ■55*-<j'te2i«Br^icii«g 

[0 0 2 3] DMAnvhP— 
;i'ra©^-v*;i/«J»)ijiil.H:n;;^gi<|5iIB5 Ofc:<fc?)fft> 

•rl^5is. >'^^llf^lHlfS5 OW^{Z«fc-D-rff-PT*)<t 

^asu^-'t-; 7 T©^aicMe.S'm&-¥;itst)©-ett3fe 

[0 0 2 4 ] >>t;^^f»©:& j^a, DMA3>hP— 7^ 
afe©T•tt^^,^- 

[0 0 2 5] ^SP{c:#:ffib'Cfe±v>U 

^)■^?.^3l^iSlJ«l^M^crt«^bT*»<tv^. n;^v>c 
^©^stt, l^@■r*4>.kv^u ata?¥ffibT^)J:v^, 

[0 0 2 6] *||Jfi«^T*{i. ^SS^t;^ 4 0 ©^fcC^gCpt 
^U3 9Asg?iK*nTV^S*«. >'^>^V>C^, ;»l^>Jfc5 
V^tt^^2^a©V^•mA». feSV^H:^•t*sgSS^^v5. 
Cl^^?)^±^T3i«$^OTSBl©^1-t:{a«bT*)J;<^ K 

[0 0 2 7] :^mmmx'ti. i^*}'rjvmm., i/T.^K'? 

tJf iJ'^SISt:*»t:$iM<£#;?.S*©T-(i35:<> ejt© 
V^*»:S:5(iT•%>J:V^. fci:it«e<''J;i/aS2 5 MH z , 

s^j^T^A^^D^y^jaaass 3Mz, ^i.a5-'tx4o©M>^ 
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;i/i:1-*i«D M AteiS^H: 3 3 MH z X 4Byte/ 2 
(^rD5'^/1^-'f =6 6MByte/si:J5:S. 
[0 0 2 8] l^|2^fflV^T^ 3^llffg0|(c:«lt^DMA4& 

[0 0 2 9] DMAtefSHi, MPUtcJ:si^ii5i/5':?c^ 

*v> hT^-f 'J7•^^'T^* 
^;^l/^^;^^' (CDA) (Omt. Ti7±:^^f7^^^^ 10 

^' (EDA) CDffitCDtttt&ffd. CDAi:EDA®fift 

*s-sc-rnKx DMAtesitt^T-rs. 

[0 0 3 0] ^-BlffeofcS^> DMAn^hn-7 

v'.n«> rtjKo7y-5>*->>^' (PiiiBttiassfflv^ 
[ 0 0 3 1 ] Kt*^ u r^' J; t)ffi^*a^;e5*-^s 

-:^i'y7't:'y hS-fe'J' h-rs. -^©m. -rt-fc^^a 

iJ'©Ti'-fe>^Sffao W±Si^?)Sb«:56se>DMAD> 40 
btr-^ttDMAig^Sl^ff bTV> < o 
[0 0 3 2] 03 (a) »:n:X|9f^glBS5 0(C43(t%D 
MAteJS-9->f ^;i/qrSEIaIBS©rn y ^^fif^SS^Ufc*© 
T-^2©^fl«J?£^-r, 03 (b) ttiftf^^-f A^-^- 

DMAiiei3S1?-'fi';i/aBraSlJ»|5IES5 1, ^^DMAli!G2St^ 
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AmmD--(i'jmm^ui^7,i'5i' , DMAmmii--( 

^;i/aA'>>^7 4, ifc«tS7 6X'm^^tiio -:f5. 
I^DMAS^it-f ^;i/SI^MSIIie&5 2»|^DMA|&j|| 

i';i'»i9!«us';^^5 2' , ■y-'f i^;i/a*'>>^7 

5, ifclg<S7 7tr^fig$n5o 

[0 0 3 3] lixrmwvL'owxmz (b) ©^^f A5=•■^' 

:X^5 1' , 0DMAmmif--t i^JUm.Wl&l'i^yt.P 5 
2' tt, igitt'©n;^iif#i5igS5 Ort{c#«u. >'t:;^«i 

[0 0 3 4] DMAIEaiiai&%. DMA<EaS»^ 

»;i/a&:to'»>h-rg>DMAfea^-»^i^;W^3t; 7 

4©fia^iti^S7 6T>ifciKu -m-i-&±r-^^^mm^ 

-St-rsiix SJti|SS7 60tB:*itcj;Dia3 (b) ©Kf 

Vy^i'^ MPUH:>'t;^7'^>'U'>S^(t^SS?4 83b»e»® 
(HI) *^'!;'-h«Jj§ ( 'H* ]^^jvmti) Kb 

[0 0 3 5] DMA3> ho— ^<t DMJC.'tyClSO®^ 

Scl9^V5^:^^'5 2' ©ts^fitmi:, /^:;t.Tif J V ^^t^ 
m^m^ 48©M^©*'y-b^SiJBANi»&A'>>h 

^^la^s■^-s^ ■»?-'f i';j/a*'>>^'7 5©ffi*ifc«t«7 7 

T-ltKU eSf|[*s-S;bfc^SiJBATvt;;^*|iS«^(5I 
ES7 8 AJWV>'^;^«iS«M-^ie^-4 9©g^ST-t^-- h 

[0 0 3 6] *|y|gmtts DMAteSS-y-'f 

l^'^J^^S 1' > 2iWfDMAiigjS|-tJ-^^;i/jR|S^l/$^ 
;^iJ'5 2' tt. v'^xHlfEESS 0rtk:#?E-rs*^. iTd 

[0 0 3 7] 1214 (a) B:^3©IIMfi?'J&S^bfct»© 
T-, /i>^*:rt-r5c:i:«:<DMAn>hD— 5©l&f^S 
*ISiT-§S«tgfci|-rs. 1214 (b) tt^©!IM^iJ''f A 

[ 0 0 3 8 ] la 1 1 *jv^T> ^asTJj^- b xtjm^ 4 3 

iST-y— h ci i:fc.t ») DM A^^^*;!/^;^- 
•^^W >3 8©M^AS7-y— bU ifeDMAnVhP- 
^^■V*;i'0»f^*tfBf$-B-*. 04 (a) ttDMA-f 
7";H/S^>^^J' 8 3*^^bfe*)©-CN 8 4tt'r*— r:^ 
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[0 0 3 9] DMAHBSI-y-'f ^>'l'4'C^SPT>t^- 

ns*s> ^gi$T>l?-bX**i8?4 3lcJ:o-C%.i£«y-b 
^/hSnSo ^CDT>J^->A*ti')DMAa>ha- 

[0 040] ^^CTT-ats M-SST'Jl^- b A:t»4!g? 4 3 

[0 0 4 1] 05 (a) ti^4©^«?!lS75^t>®"CN 

a%©tf**. as (b) H:pt*U«lBSS7i^-r. 
[0 0 4 2] |5im®*)©i:Pl-*b<ttPl^^t:^^^"^ 

iit'fes®-e^ 3 ©|lss^?!l1#«®«fiK»^•^v^■c©*©l^i 

[0 0 4 3] DMAn>ht3-7^-\'*;H 8~2 Itt 
^tv^n:4— :>-i'^'7't:^y b(0SB)*iJgyiiK2 2~2 : 
5, DMA3VM3— 7^-V^;i'®''^:^fiiS«^IiK 
9'3'>'9 6 (E 1 l^H*-*"^) A'&^fi&^ti'x f^:^mW 

vA^/v^'g? (011:10^*1*) ifi>^^^^^' ^ 
#^:ov^-c-p^*y«lBR*^■^la5 (b) *#iiL^*sp> 
wm-tio DMA3>M3-^B:. *rp^^u^«±® 

T*-^*' 4gmSff -5 ^ * U ^ra±0''^ 7 T ©5t^7 
> ^ *s^-r ;^ * 'J ^K±©'''5 'i' 7 T ©7=-^ CR^S 
V^J'iSl^S 8i»«5^t-^^'J^ra±®^^'V7Trt®7* 

^15;7T1S^9 2t?*-rSv^-^teSI*5§^'^^" 
;^'^_^;;^^JS8 9SDMAn> hD— 

1^, K0SBJMS'JliBS2 2-2 5 

-b y b SntV^nKK 6 E b 7 U — 5 >* "^^^ 9 7 
®fit*salllfc'&a<0*^^- 6K5'h7y— 7>A 
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t;>^9 7®«*Salll tCJfeSii^ alU 

g 8i)JT1J— Vb-C^DMAnVhD-^^'V^'"'^^^ 

ttH^^fiKiaSS 9 3-96 9 9 ~ 1 0 

^4 9«:^fTl-2>. :i®'«SS7.^-^7>8 9*Sg^«^ii 

[0 0 4 4] ^^miix -Mmm^-^t^^^^ 6t: 

«;;b®7'J-^>3b'>>^=&ffiffl'^'^''^^*'- :i©^-fe 
VN. *^Kii^ofe«)®*g!K:Me.««IS&-^^**»®"^ , 

7:^^ ®fl}«K^t c:*"JiRS#^ s * ®-c ^±^&v^. 

[0 0 4 5] E6H:^5®IQiEmS^-r*)®t% =&DM 
[0 0 4 6]*^ma:. DMAriVbP-^g^^^ 

I ^^^;vo, ^^*;n. ^v:?^;i'2, 

3 ® 4 <1 S t> ® i: "f" S « 
[0 0 4 7] DMAteS-y-'f ^-«'*®^^*-'K>. 
*;H, ^^^;V2, ^+;7^;i'3J±. =&DMA3>bP 
' _5^^^;i,CDrtif®5^^^^^*^»^l^"^'''**'5^^ 

:;j«?10 4 (H IKiaS^-e-T) J*. DMA3>bP- 

®5-^^;i/T b V;=^tB:^fi^4 4 0 © D MA 

^^^;vTKV>^m;^fg^4 5, ^^^;i'2©5^^*;i' 
Tb'V^m*)(t^4 6. ^^;?^;i/3©^^^>'l'7'l*w;^ 

2, ^^^;l/3®DMA^sSl-t^^^'-'^®wraT■9— b 

[0 0 4 8] *l?SE«^JT*ttx DMA=i>hn-^*^4^ 
FV>^W*«±4*tfeofe*«. *«WC-B:. 2*©ig? 

[OO49]01t^^l ®f|Jilfi«Ji: b•C^^^bfc^ MfeS"! 

[0 0 5 0] \ \Z^'&m%^7.7-h.. lllttMPUx 
1 1 0B:U-P*>'J-^'^''' (WTROMtBS-r) > 1 
0 9ttv>iJ^AT^'-fe^P^*'KlilTRAM4:BS-r). 1 
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- 1 ~ 1 - 4 ttiiesij®^©. 1 1 2 ttc n ^> ^mmf- 
n^-namiiii^T D 1 ~T D 8 fctb^fs isie^i^iiHiBS 

-C-fe5. MPUlllttv R0M110p^CDrD^'5A«Cti£VN^ i^;^ 

>^<SS#i'&ftSi:i>'>^7^A/t:;^ 1 1 2(0/^7.^:^^^ t. 
j&D. i^;^?^^^^:^ 1 1 2 ;fe^bTEAM109i:©rar-©7^ 10 

K:<t5RAM'N<o5*-i'«&a*)> RAMceai^n 

[ 0 0 5 1 ] HPU111H:^ 4 -JroaMffiiOT^B 1 - 1 ~ 1 

[0 0 5 2] *Sli6(g«^J-ca:x am©I»^B3^<*:*4'^ja 

V%. Ht*IIJ6ii«t-ttx BOM, RAM. MPUSSl-Sr-T 

3B:5ffl5!)L'&t>-&Ofilfig{cU-C*)J:V^. SSI 1 3^m.&L 

bT4»<l>$t>*:V^, 30 
[0053] 

[0 0 5 4] t-tz. V7br>aiT©ftfi$lgi«T-&x 

[0 0 5 51 W±t:: J:D3.-lfAJV7 h'^jcT'SSSC 40 

[02] mi(ommmt:^m-$-^w>i¥7n-mx-h?>. 

[03] (a) a:*:««a®^20|l2i£|f!l&^1-:^Dyi' 
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m^mX'^?>o (b) »:^^W®^2(D||«[B0g®iftf^& 
[04] (a) tt*^SIW©^3©SIJSef!|i£S^^:rDyi^ 

(b) iii^m'ii^(Dm3<o^m<Dsm^ 

[05] (a) tt*%W0^4®^fi?y*S^1-7'D';;^ 
(b) l±*flW©^4©||Ji6«^J©iM^S 
A5^>- bBT-feS. 

[0 6] *#Bw©^5©iisfi0a©iiw^siaB8-rsi''f A 

[0 7 ] *^M©M 1 ©SU(6^{c43{tsaM$'J29^B& 
[^^^©gJiW] 

1 -aMftiOT^Bx 6, 9-iSMS. 7, 8-S^S> 
10, 1 3-i5SeFIFO. 11, 12-SMFIFO. 1 
8~2 l—bMA=i> hD— 7^-V^;K 2 2~2 5 — 
5j-_^,>.;,:?'tr5; h*iJSiJlHlSS. 2 6-DMA^-\'>*;i/ 
*»e.26<iFIF010's©7^— ^'^^jsc, 2 7— g^F I FO 1 
l*»e)DMA^^>4i;i"v©7*-^'/^:^. 2 8-geF 
I FO 1 2*»e>DMA^-\'>^;i/'v©7'— 2 9 
— DMA^^>:^i;K)»e)j@IMF I FO 1 S'v®^'— tJ'/t 

3 0, 3 3-rt®7^-^/^::^5b»e.iSMDMA^-\'> 
:^;i/©/t>l, 3 1, 3 2-gMDMA^+>':^;i/*»e)rt 
Si'r—'$f^^7.^<D/'^7.s 3 4 ~ 3 7 — ^-V V^;!/^*^© 
^U. 3 8-DMA^-\'>^;i/T7P-hM^^-<>s 3 
9— ^i^eept^'Jx 40— ^I^SPn;:^. 4 1-wix-f>4'— 
^Jt'fy^. 4 2-|^^7*-^-'^:^x 4 3-^«K7'>Jt-b 

4 8 — >'^^ Ti' y y V i^e^Jffi?, 4 9 
mm^t^^. 5 O-Z^J^m^EIESx 5 1-DMAeM-9- 
'f i';i/JWfflffiiJ(BIH]B&x 5 2 "•|^DMAteiSl?-'f ^;i/«8n 
ffiiOTHES. 6 5~6 8-7*-fX^57';riJ'/>'^^/7rte33l 
tt^^i^iaiiSx 6 9-DMAffiiSif'f t{';i/®t. 7 0--M 
y^T'i'y"; yi^T'tt-bWMx 7 4-DMAteiaitJ-'f ^ 

7 5—9-'f ^';i/j»*'>>^x 7 6, 7 7 
•••lt«l[S. 7 8 •••-'t:;^«i5«^|5i8&s 8 3-DMA.Y 
^— :r;n/i?;^^, 8 4— 4«— ::^;i't:^y 8 7—^ 
ot-Y VJK'f 8 8-Wt.j;7T5K'f >^'iSJa5. 8 

9— ;:^7^-^;^«ia> 9 0-7*-i'S«:l^ 9 1-7*-f 
7,i^*)y■^^m^. 9 2•••>'^•;;7 7'^J^^ 9 3~9 6— 
X^S^^fiKHBS, 9 7 — 6 ir^y h7U— 
iJ'. 10 9— RAMx 110— ROM, 111— MP 
U, 1 1 2— J'y^T^A-'^^, 1 1 3— a(iS^:^5"As R 
xl~Rx8"gM7^-i'ffiSlllI»x Txl-TxB-a 
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